INTRODUCTION
Lysophophatidylcholine LPC , a minor component on cell membrane, is an intermediate in the phospholipid PL metabolism in membrane during PL turnover 1 . It is amphiphilic substance with novel bioactive functions 2 . Normally, LPC can be sythesized through the enzymatic hydrolysis of phophatidylcholine PC 3 7 , the esterification of glycerophosphatidyl derivatives 8 13 , and the alcoholysis of PLs catalyzed by lipase 14 16 .
For the conversion of PLs to lyso-PLs by enzymatic alcoholysis, the alcohol can be glycerol, methanol, ethanol, and butanol. Alcoholysis of PLs with the immobilized lipase of Mucor miehei Lipozyme IM-60 has been reported to give a high yield of lyso-PLs 98 , and Lipozyme IM-60 displayed significant activity in ethanol and other short-chain alcohols 14 . Humicola lanuginosa lipase HLL could also catalyze the alcoholysis in octanol, but the activity of this lipase dropped significantly as the alcohol chain length decreased. In general, the reaction rate could be significantly enhanced by the addition of small amounts of water to the reaction mixture 14 . The immobilized lipase of Mucor miehei Lipozyme IM-20 could catatlyze the alcoholysis of soy PLs to produce Lyso-PLs, the alcohols were glycerol, butanol, octanol, and so on 15, 16 
Ethanolysis of PC catalyzed by lipase in n-hexane
2.0 g PC and 6.0 mL n-hexane were placed in a 50 mL round-bottom flask and stirred by a magnetic stirrer with 300 rpm at 60 , then 0.232 g ethanol mole ratio of PC and ethanol, 1:2 and 300 μL water Novozym 435 , or 0.348 g ethanol mole ratio of PC and ethanol, 1:3 and 480 μL water Lipozyme TLIM and Lipozyme RMIM were added into the flask. After PC was dissolved in mixture completely, 0.2 g lipase Novozym 435 , or 0.3 g lipase Lipozyme TLIM and Lipozyme RMIM was added into the flask, and the reactions were started.
2.3 Ethanolysis of PC catalyzed by lipase in solvent free system 2.0 g PC was dissolved 6.0 mL ethanol, and then the mixture was placed in a 50 mL round-bottom flask and stirred by a magnetic stirrer with 300 rpm at 60 Novozym 435 or 35
Lipozyme TLIM and Lipozyme RMIM . After PC was dissolved in ethanol, 300 μL water and 0.2 g lipase Novozym 435 , or 480 μL water and 0.3 g lipase Lipozyme TLIM and Lipozyme RMIM were added into the flask, and the reactions were started.
Analysis of products by TLC-FID
The products were determined according to the method of Vikbjerg et al. 17 . The samples were diluted with chloroform, and the diluted samples 1 μL were spotted to Chromarod SIII Iatron Laboratories Inc., Tokyo, Japan and developed by a mixture of chloroform/methanol/water 42:22:3, v:v:v . After the development, Chromarods were dried at 120 for 5 min, and the composition of the product was analyzed by TLC-FID Iatroscan MK6s, Iatron Laboratories . Flow rates of air and hydrogen were 2 L/min and 160 mL/min, respectively. Peaks were identified by external standards.
Conversion of LPC 1 0 0 w e i g h t o f L P C i n t h e product/theoretical weight of LPC
Statistical analysis
The experiments were preformed in triplicate, and the data were expressed as mean SD standard deviation .
RESULTS AND DISCUSSION

Ethanolysis reaction of PC catalyzed by lipase
During the ethanolysis of PC, the LPC and GPC were determined Fig. 1 , which indicated there existed conversion of PC to LPC, and that of LPC to GPC. So there were ethanolysis of PC and LPC during lipase catalyzed ethanolysis of PC Fig. 2 . In order to obtain the LPC, the ethanolysis of PC should be maximized and that of LPC should be minimized. GPC were also detected in the transesterification between PC and caprylic acid catalyzed by Lipozyme RMIM, and GPC might be produced by hydrolysis of PC 17 .
In the report of Mustranta et al. 6 , GPC was also detected in the process of enzymatic hydrolysis of phospholipids.
Ethanolysis of PC in n-hexane
LPC conversion of lipase catalyzed ethanolysis of PC in hexan was shown in Fig. 3 . LPC conversion of Novozyme 435 catalyzed ethanolysis of PC increased sharply until 3 h to reach 98 , and then decreased slightly because some LPC was transferred into GPC with time increasing. For Lipozyme TLIM catalyzed ethanolysis, LPC conversion increased rapidly until 4 h to reach 84 , and then increased smoothly until 8 h to reach 95 . LPC conversion of Lipo- Fig. 1 TLC-FID Because there existed the reaction of lyso-phospholipid and alcohols, the lyso-phospholipid conversion was not higher than phospholipid conversion. The values in our study were higher greatly than the values reported by Ghosh and Bhattacharyya 16 .
3.3 Ethanolysis of PC in solvent free media LPC conversion of lipase catalyzed ethanolysis of PC in solvent free system was shown in Fig. 4 . LPC conversions of the ethanolysis catalyzed by Novozyme 435 increased dramatically until 6 h to reach about 98 , then decreased very slowly due to increasing of GPC with reaction time prolonging. For Lipozyme TLIM catalyzed reaction, LPC conversion increased rapidly until 20 h to reach 93 . LPC conversion of ethanolysis catalyzed by Lipozyme RMIM gradually until 32 h to reach 92 . For ethanolysis of PC catalyzed by Lipozyeme TLIM and RMIM, when LPC conversions reached the maximum value, there were also 14 showed that the lecithin conversion of transesterification of lecithin and ethanol catalyzed Lipozyme IM-60 from R. miehei could reach to 98 at 22 in 24h, however, the lecithin conversion was lower than 85 at 37 and 55 . Because the reaction of lyso-lecithin and ethanol occurred in the process, the lyso-lecithin conversion was not higher than lecithin conversion. The values in our research were higher than the values in the report of Sarney et al. 14 .
In the same time, LPC conversion of Novozym 435 catalyzed ethanolysis in n-hexane and in solvent free media was maximum, and that of Lipozyme RMIM catalyzed ethanolysis was the minimum. These results indicated that the catalytic efficiency of Novozyme 435 for ethanolysis of PC was higher than those of Lipozyme TLIM and Lipozyme RMIM, which might be attributed to different regiospecificity, Novozyme 435 was nonregiospecific lipase, however Lipozyme TLIM and Lipozyme RMIM were sn-1,3 regiospecific lipase.
By comparison with the enzymatic hydrolysis of PC 4, 5 ,
the maximum LPC conversion of the Novozyme 435-catalyzed ethanolysis of PC was higher, and the time, reaching to the maximum LPC conversion, was shorter.
Conclusion
Lipase-catalyzed ethanolysis of PC is a promising approach for LPC preparation. By comparison with hydrolysis of PC, the ethanol is removed easily from the product, and the major by-product, FAEE, does not lead to acid value of the product increasing. The lipases from Candida antarctica Novozym 435 , Thermomcyces lanuginose Lipozyme TLIM and Rhizomucor miehei Lipozyme RMIM are suitable biocatalysts for the LPC production by means of ethanolysis of PC in n-hexane or solvent free media. The highest LPC conversion of ethanolysis catalyzed by Novozym 435 could reach to 98 , and those of ethanolysis catalyzed by Lipozyme TLIM and Lipozyme RMIM were higher than 90 . The catalytic efficiencies of the three lipases were in the order of Novozyme 435 Lipozyme TLIM Lipozyme RMIM, furthermore, their catalytic efficiencies in n-hexane were better than those in solvent free media.
